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1.0 Purpose and Description

The purpose of this project is to prepare a design for Phase III of the Western Surface Water
Drainage Project at the Waimanalo Gulch Sanitary Landfill. The project will control and
divert storm water run-on around the landfill area. The Western Surface Water Drainage
Project includes a drainage diversion structure and rock channel at the upstream portion that
transitions to a buried fiberglass polymer mortar pipe. The termination of the Western
Surface Water Drainage Project will include a downstream discharge point with a flip bucket
and new stilling basin (flip bucket and plunge pool) to dissipate the water energy from the
pipe, and allow for more manageable discharge velocities in the existing spillway channel.
The Western Surface Water Drainage Project will convey storm runoff separately from
drainage from the landfill area. Storm runoff from the Western Surface Water Drainage
Project will be routed towards the existing culverts under the Farrington Highway, by-
passing the existing sedimentation basin which would then receive only affected runoff from
the landfill.

A future report will present additional design details for the Phase III downstream terminal
structures, and will also present design details for a proposed 36” HDPE temporary
stormwater diversion to convey run-on flows upstream of Municipal Solid Waste Cell E6 to a
downstream discharge point in the existing Phase II channel extension.

The Design of Phase I1I of the Western Surface Water Drainage Project for the Waimanalo
Gulch Sanitary Landfill is being performed for Waste Management by GEI Consultants, Inc.
(GEI), of Oakland, California in coordination with Geosyntec Consultants, Inc.
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2.0 Project Location and Background Information

The Waimanalo Gulch Sanitary Landfill is located on the south-west side of Oahu, Hawaii,
about 13 miles west of Pearl City along Farrington Highway. A location map is provided on
Drawing C-00.

Several studies of various phases of project development have been made earlier for the City
and County of Honolulu. These earlier studies along with the Phase III design studies are
discussed below.

e Phase I Design: Waimanalo Gulch Sanitary Landfill Phase I Design was prepared for
the City and County of Honolulu in 1986 by Shimabukuro, Endo Yoshizaki, Inc. The
project included facilities for handling sanitary landfill and surface runoff drainage to
reroute and convey 2750 cfs design flow collected from a catchment area of 622 acres.
The drainage channel was 1850 feet long and conveyed supercritical flows. A stilling
basin and a sedimentation pond with two (2) 48-inch-diameter riser-pipe outlets were
provided at the downstream end of the channel.

e Phase II Design:. Waimanalo Gulch Sanitary Landfill Drainage Channel Extension
Phase II Design was prepared for the City and County of Honolulu in 1991 by Kwock
Associates, Inc. The Phase II project extended the drainage system in conjunction with
planned expansion of the sanitary landfill to the north up the gulch. The Phase II
surface runoff drainage extension channel branched off from the existing Phase I
drainage channel at Sta. 7+50 on an alignment that turned slightly westward with a
steeper slope that traveled along higher ground to end at an inlet located at Sta. 41+93.
The Phase II drainage channel extension had a capacity of 2500 cfs at the upstream end
and 2750 cfs at the downstream end.

o Phase III Preliminary Design: Preliminary design of the Western Surface Water
Drainage Project (Western Perimeter Drainage Extension) was initiated in 2006 by GEI
for Waste Management for support of a landfill expansion permit application.

e DPhase Il Permit Design: The current design report in this report supersedes the
Western Surface Water Drainage Project Design was prepared for Waste Management
in 2008 by GEI The Permit Design documents for the landfill expansion permit
application include this Design Report and the associated Drawings (C-01 to C-15 and
C-21 to C-23). The Western Surface Water Drainage Project is required to divert the
25-year storm event run-on collected from the drainage basin formed by the upper part
of the Waimanalo Gulch located north of the landfill and convey the stormwater flow
around the landfill. The Western Surface Water Drainage Project is also designed to
convey the 100-year storm event run-on from the same basin and will divert the storm
flows around the west and north foot-print of the sanitary landfill.
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The main conveyance components of the project from the upstream to downstream end
are presented on Drawings C-02 to C-07 and are as follows:

1. A concrete diversion structure to intercept flows from Waimanalo Gulch

2. An excavated rock channel approximately 1,080 feet long

3. A concrete box culvert transitional structure, approximately 160 feet long

4. A buried fiberglass mortar pipe (HOBAS pipe) conveyance with diameters
varying from 102” to 78”, total length approximately 5,200 feet

5. A new stilling basin (flip bucket and plunge pool) at the downstream end of the
pipeline that discharges to the existing spillway channel and Farrington
Highway culverts. The location of the flip bucket and plunge pool will be
approximately 250 feet upstream of the Farrington Highway culverts.

The total elevation gain of the conveyance system is about 640 feet for an overall grade
of about 9.8 percent. From approximate Station 16+80 to 26+55 (Refer to Drawing C-
04) the fiberglass mortar pipe conveyance will be placed in the existing Phase II
drainage channel, and this area will be backfilled to allow for temporary stockpile
placement for landfill operations.

Phase III Design Implementation: Construction of the Western Surface Water Drainage
Project is planned to progress in an uphill direction starting from the downstream exit
point from the existing drainage channel (approximate Station 12+00, Drawing C-04) .
The installation of the upstream segment of the design (Station 12+00 to Station
66+00), will allow for conveyance of stormwater flows beneath the proposed stockpile
area depicted on Drawings C-04 and C-05. This upstream pipeline segment will be tied
into the downstream pipeline segment from Station 12+00 to the flip bucket and plunge
pool area to complete the downstream termination and discharge of the western
perimeter flows.

At the upstream end of each stage of Western Surface Water Drainage Project
construction, a temporary excavated channel will be constructed to divert and convey
storm flows into the constructed portion of the new channel and pipeline. Currently,
the West Stability Berm has been extended to bury an approximately1,100 foot length
of the Phase II drainage channel upstream of Sta. 27+00. Also, temporary landfill
stockpiling operations will cover an additional 1,020 feet of Phase II drainage channel
downstream of Station 27+00.

Two 48-inch diameter corrugated metal pipes (CMP) have been installed beneath the
West Stability Berm to convey stormwater flows from northeastern upstream drainage
areas into the Phase II channel while the sanitary fill placement continues over the
existing channel. For future conveyance of these upstream drainage areas beneath the
west berm and temporary stockpile fill areas, there will be a 36” diameter HDPE
temporary diversion pipe that will convey stormwater flows upstream of the proposed
Municipal Solid Waste Cell E6 area to the existing Phase II channel downstream of the
temporary stockpile (approximately 1,600 feet upstream of Farrington Highway). The
36” diameter HDPE temporary diversion pipe will be inserted into the east existing
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CMP and the west CMP will be abandoned by capping at the upstream and downstream
ends.

After the downstream end of the36” HDPE pipe exits the CMP, it will be placed next to
the Western Surface Water Drainage Pipe in the existing channel and backfilled as
shown on Drawing C-20. The downstream portion of the Phase II channel will be
preserved to convey discharge for the temporary diversion pipe and the interior landfill
drainage to the existing sedimentation and stilling basin.

Additional information and design details for the temporary diversion and the new

stilling basin (flip bucket and plunge pool) for the Western Surface Water Drainage
Project will be presented in a subsequent report.
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3.0 Previous Studies and Supporting Design
Information

3.1 Previous Studies

GEl relied upon the following available engineering information and data for preparation of
the Western Surface Water Drainage Project design.

Aerometric, 2009, Digital Topographic Map of Waimanalo Gulch Sanitary Landfill
Expansion, Oahu, Hawaii, Prepared for Waste Management, Inc., March 16.

GeoSyntec Consultants, Inc., 2008, Digital Topographic Map of Waimanalo Gulch
Sanitary Landfill Expansion, Oahu, Hawaii, Prepared for Waste Management, Inc.,
May 9.

GeoSyntec Consultants, Inc., 2007, Hydrologic Analysis for Waimanalo Gulch Sanitary
Landfill Expansion, Oahu, Hawaii, Prepared for Waste Management, Inc.

Geolabs, Inc., 2000, Geotechnical Engineering Services, Temporary Construction Cut
Slope, Waimanalo Gulch Sanitary Landfill, Ewa, Oahu, Hawaii, Prepared for Waste
Management, Inc., August 18.

Geolabs, Inc., 2003, Cut Slope Design, Waimanalo Gulch Sanitary Landfill, Ewa, Oahu,
Hawaii, Prepared for Waste Management, Inc., February 24.

Kwock Associates, Inc. Consulting Engineers, 1991, Waimanalo Gulch Sanitary Landfill
Drainage Channel Extension, Prepared for Waste Management, Inc., March.

3.2 Supporting Design Information

General Design Basis: The project design will be in general accordance with Waste
Management project requirements, City and County of Honolulu guidelines, and based on the
results of meetings between representatives of Waste Management, GeoSyntec Consultants,
and GEI. Drawing C-02 shows the general layout of the project main features.

Survey Stationing: Stationing of the new Western Surface Water Drainage conveyance
alignment is based on stationing established by Geosyntec (2008) and begins at the culverts
under Farrington Highway and increases northward up the gulch.

Hydrology: Hydrologic analyses were completed by Geosyntec Consultants in 2007 for the
1.1 square mile drainage basin and peak flows corresponding to 2, 5, 10, 50, and 100-yr
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storm events were computed. Based on this study, the computed 100-year, 24-hr storm peak
flow run-on from upstream areas of the gulch into the Western Surface Water Drainage
channel diversion structure is 1751 cfs and the 25-year design storm is 1135 cfs. The design
flood used for sizing the Western Surface Water Drainage conveyance structures between
Station 26+50 and 67+58 is 1,751 cfs.

Geology: Based on the two available geology reports (Geolabs, Inc., 2000 and 2003) and also
other sources of information, Waimanalo Gulch is situated upon interlayered basalts, with
localized Quaternary sedimentary deposits or soils primarily found on ridge top areas. The
basalts originate from the volcanic Wai’anae Mountains, which are the product of one of the
two major rift systems responsible for the formation of Oahu Island. The volcanoes are
shield volcanoes that erupted primarily low-viscosity basaltic lava that cooled to form layers
of varying thicknesses and characteristics depending on the eruptive, flow, and cooling
conditions. These lava flows dip southwest down the flanks of the shield volcano, which lies
to the northeast of the gulch.

Individual basalt flow thicknesses in the Waimanalo Gulch area range from approximately 4
feet to upwards of 20 feet and generally alternate between a relatively dense basalt lava flow
and a less dense form of basalt called clinker. The exposed basalts are largely uniformly
weathered within the depth of the gulch. The basalt flows are incised by infrequent but
relatively large dikes composed of lighter, less dense diorite. The locations of the major dikes
in the area have been mapped (Gartner Lee, Inc., 1992).

The project site geology cannot be interpreted at a detailed level based on the regional
geologic information because of the layered form of the basalts. A seismic refraction survey
conducted on the eastern side of the gulch by Geosyntec Consultants, Inc., on August 18,
2000 confirmed the subsurface layered structure and provided some shear wave velocity
information in the basalts. The basalts are considered suitable for slope cuts as steep as
IH:1V in areas where water is present, and 0.5 H:1V where water is not present (Geolabs,
Inc., 2003). The possible existence of lava tubes and very weak inclusions or weathered
zones in the lava flow structures should be taken into consideration for design of the slope
cuts. The potential presence of intrusive dikes within basalt layers is not expected to be
detrimental to the performance of slope cuts.

In general, the project site is located in a regionally predictable but locally variable basalt
formation that consists of both higher strength and lower strength layers and can include
weathered rocks or local talus deposits. The geologic conditions will require direct
observation and evaluation by an engineer as the specific conditions for slope stability and
channel/pipe excavation are exposed during excavation.
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4.0 Hydraulic Design

4.1 Hydraulic Model Analysis

The Western Surface Water Drainage Project conveyance consists of an open channel in the
upper reach that has relatively flat grades and a partially full gravity pipeline for the
remaining reaches with steep grades. An objective of the design was to achieve supercritical
flow conditions in the pipe to avoid hydraulic instability, such as hydraulic jumps.
Supercritical flow in the pipe also enables the pipe to be designed for partial-full pipe flow
(open channel type flow). Designing for supercritical flow also enables use of smaller, more
economical pipe sections. The constraints of the project site preclude the use of other
conveyance system alignments or energy dissipaters, such as baffles, to reduce the overall
grade and flow velocity.

The hydraulic design analysis was previously performed using the USACE HEC-RAS and
Haestad Methods, Inc., Flow Master Version 4.1.c software to define the pipe diameter and
channel cross-section dimensions and the hydraulic conditions for the drainage system. This
earlier analysis was included in the Design Report issued June 2009,

Since June 2009 report several changes have occurred affecting the design basis previously
utilized and a new set of revised drawings are prepared for the Western Surface Water
Drainage Project.

The hydraulic analysis is re-done for the entire conveyance adopting the new design basis
and prepared alignment drawings. A two dimensional Excel model is prepared and the direct
step method is used for hydraulic analysis, as presented in Appendix A.

4.2 Diversion Structure

The diversion structure will consist of a 100-ft long reinforced concrete, side-channel weir
structure having minimal submergence. The weir structure will control and impound a small
head-water pond with a normal water surface elevation of 706.50 feet as controlled by the
weir sill.  Low flows from the gulch are discharged, at a slow rate, through the 12-inch
diameter pipe outlet installed across the weir at side channel invert level.

The weir design capacity is 1,135-cfs at a weir sill elevation of 706.5 feet and with a side channel
invert at El. 699. The 32-in. high parapet walls surrounding the diversion structure provide
adequate free board to contain and direct the 100-year storm flow into the main drainage channel.
An earlier side channel inlet configuration of the diversion structure on the right bank of the
gulch was later changed due to construction space limitations. The new inlet is placed across
the gulch. The inlet arrangement and sections are shown on Drawing C -08
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The hydraulic analysis is carried on based on guidelines given in USBR publication “Design
of Small Dams, third edition 1987, Chapter 9. The weir is sized for 25-year recurrence, 24-
hours duration storm and additional freeboard is provided for 100-year recurrence storm.

4.3 Channel and Pipeline Conveyance

A revised plan and profile of the Western Surface Water Drainage conveyance alignment is
prepared based on the planned footprint limit of the sanitary landfill expansion.

The rock channel segment of the Western Surface Water Drainage conveyance begins at the
downstream end of the diversion structure at Station 64+83 (Drawing C -08) and extends
southeast to Station 54+04 (Drawing C -09). . The rock channel approximately 1,079 linear
feet length of the conveyance is relatively flat with sub-critical flow velocities and is
addressed by a channel having a grade that varies from 0.5 percent to 0.8 percent. The
channel at the upstream end has rectangular concrete lined section for about 50-ft length. A
coarse trashrack is installed within this concrete lined channel segment. The remaining length
of the rock channel, 1,029 linear feet, is envisioned to have concrete lining only at the invert
while the side slopes stabilized, as required, by fiber-shotcrete and fully grouted rock
anchors. It is expected that the basalt rock formation along the alignment can allow 1H: 4V
channel slope excavation for a significant length; stabilization with shotcrete and rock
anchors will only be required at locally weaker rock zones.

A 40-ft long reinforced concrete rock trap is provided at the downstream end of the rock
channel. A short reinforced concrete U-shaped channel, supporting a safety rack, connects
the rock trap to the closed conduit system beginning at Station 53+46. (Drawing C- 09).

The transition from rectangular conduit cross section to HOBAS pipe section is done within
Station 53+46 and Station 52+21 (Drawing C -09).

The pipe conveyance extends 5,190 linear feet downstream and drops 631 feet from El. 693
down to El. 61.4. The first 145 feet linear length of the pipe has 102-inch diameter HOBAS
pipe and then the pipe diameter is reduced to 78-inch HOBAS pipe to continue for about
2,520 feet downstream dropping approximately 390 feet (Drawing C -06). Within this
segment of the conveyance the pipe is buried in a trench as shown on Drawing C- 11.

Further downstream the pipe enters an existing Phase II concrete lined channel having a very
flat 0.5% slope. The pipe diameter is increased to 84-inches to avoid full pipe sealing and
unstable flow stage change. A typical cross section of the 84-inche diameter HOBAS pipe
encased in the existing concrete lined channel is shown on Drawing C- 20.

The flow entering the 84-inch pipe has sufficient kinetic energy to continue downstream at
partially full stage for about 600 linear feet before the pipe slope need to be increased to keep
the partially full flow stage. At about Station 16+85 the HOBAS pipe leaves the existing
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concrete lined channel alignment to continue with a gradually increasing slope as shown on
(Drawing C -04. Downstream of the separation point at Station 16+85 to Station 1+03 the
conveyance pipe is buried in a trench as shown on Drawing C -11. After leaving the concrete
lined channel the conveyance pipe drops about 200-feet within approximately 1,685 linear
feet.

4.4 Flip Bucket Structure and Plunge Pool

At Station 1403 the pipe alignment makes a 56 degrees eastward turn to direct the flow
towards a plunge pool with a flip bucket structure. Details of the flip bucket structure, plunge
pool and pipe encasement at the 56 degree eastward bend are given on Drawings C -21 and C
-22.

The flip bucket structure is designed based on the guidelines given USBR publication
“Hydraulic Design of Stilling Basins and Energy Dissipators”, 1963. The estimated length of
jet trajectory for 25-year flood flow is approximately 60-feet. The plunge pool invert level is
set at El. 54 in order to provide gravity flow downstream to the existing road culverts beneath
the Farrington Highway. The bottom of the plunge pool will be lined with large size riprap
to limit erosion. Low flow outlets from the plunge pool are provided by two 48-inch diameter
pipes crossing the dike forming the southwest end of the plunge pool. The discharge
capacity of the two 48-inch pipes will only be adequate to discharge low flows. At high flow
the water depth in the pool will rise to flow over the dike crest at El. 60. The estimated flow
depth over the dike crest is 1.8-feet for 25-year storm and 2.5 feet for a 100-year storm.
Additional calculation details for the flip bucket and plunge pool will be presented in a
subsequent report.

4.5 Channel Excavation

A plan for the future expansion of the sanitary landfill has been prepared by Geosyntec
Consultants that shows general slope cuts required for landfill expansion, perimeter access
road, and the Western Surface Water Drainage Project including the North Channel. General
slope cuts to accommodate the project alignment and to form the 30 foot wide bench may be
excavated as steep as Y2(H):1(V) based on the GeoSyntec topographic information.
However, in practice these large slope cuts may be excavated at a flatter slope to
accommodate site development methods and where the property boundary allows sufficient
room. Where the property line is close and does not allow sufficient width for the
channel/pipeline construction bench, then the slope cut will need to be steepened or a
retaining structure will need to be designed based on the interpreted geology at these specific
sites. Once the bench is cut, an engineering and geologic evaluation along the channel
alignment will be required to determine excavation approach and any localized need for
special slope stabilization or channel construction measures. General slope stability has not
been evaluated or addressed in this design information for the Western Surface Water
Drainage Project permit application.
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The western limit of the future landfill expansion is close to the City and County of
Honolulu’s property line at certain locations. At these locations, a maximum 30 foot bench
width is available for construction of the Western Drainage project channel and access road,
and pipe. Where an access road is needed along the buried pipe portion of the alignment, the
access road can be constructed on top of the pipe assuming appropriate traffic loads and the
minimum 3 feet of pipe cover are maintained.

Channel excavation will be performed in two phases. First, general slope cuts will be made
according to the grading plan for the landfill expansion. These general cuts will include
forming a 30-ft wide bench for the Western Surface Water Drainage Project at the required
grade. The bench will approximately follow the landfill limit elevation. Second, excavation
of the Western Surface Water Drainage Project channel section or pipe trench will be made.
The channel excavation should be performed carefully by pre-split blasting along the channel
slope lines to obtain neat surfaces in the rock, followed by excavation of the channel in
benches between the blasted lines.
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Appendix A

Hydraulic Calculations

Side Channel and Inlet Structure

Channel and Pipe Conveyance, 25-year recurrence, 24-hour duration
Channel and Pipe Conveyance, 100-year recurrence, 24-hour duration

Flip Bucket
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DIVERSION STRUCTURE

The diversion structure construction site, within steep rocky slopes of the

Waimanalo Gulch, is bounded by the property line at the north side, and by the

future landfill at south side. A side channel inlet configuration was the only fitting

option in the limited space. Different weir lengths were analyzed to determine

the optimum size. Shorter weirs required higher structures then the future bench

elevation. After several trials 100-ft long weir is selected. For the 1135-cfs

design flow computed maximum water level in the channel is EI. 708:02""about
feur-foot lower than the top of channel walls. " Ped 3y

. L»m‘;;g* =2 2l
The walls surrounding the diversion structure are raise 32-inches with a
continuous parapet wall to avoid any spill out in an unusual storm event.

The adopted side channel inlet will create a small headwater pond during flood
flows. The pond will stop most of the sediments and debris carried by the flood
flows. Cleaning of the sediments deposited in the pond area should be carried
as a routine maintenance work to avoid damages to the downstream segments
of the conveyance.
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- WAIMANALO GULCH LANDFILL et 3 >
’ Date {:} ) i'(‘;.;) L /n™ By of
Subject \ \\L\L_itg 5 - & "“\“{; WA G ok Qf tom e ' f‘ By
Approved By
|
i i Y gl i 2N 4
™ : '\‘l\\ -, { ﬁi:( » l. (uﬂ"; o Ty
el b O - }!{ P \ 6 )= | { & ’k‘ -] y )
A
A
2 ) \ i -{:0 2
i E 2 L.t & = W CLAK b &
™ , o i . N 0O Al Ty
T}m e Ley j"-."‘\,:\‘;'x--.% X 4Art Al -L;;--‘_,.;, a2

Peak Flows by Junction

Area (acres) Q2 Q5 Q10 Q25 Q50 Q100
J-3 540 196 496 766 1135 1450 1751

J-4 548 195 498 766 1133 1452 1755
J-5 562 198 502 776 1141 1464 1773
J-6 562 198 502 776 1141 1464 1773

‘!} ) A A‘» i ‘." ‘\(m ] ‘.‘l \ ik 1
\ ; ; ; } 5 \
| L - LM{ MO T 2Lk 2 ¢ i = AN A b
] 3 \"1).[(‘ 3 \‘{‘_:'
INLET WEIR
Selected
Design Q Weir length dc40 dc50 [Dam Cres{ FB Weir Crest
W — 40 20 El, ks L 200
B - 28.38) ..22701 ... 2,92 2:52 712 2,00 707.08] 707:48
LT I ANRNSR SISV W SUR—— —— S——.
1751 43.78 35.02 3.90 3.36 712.00 1.00 707.10 707.64
A Af \
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Client = Waste Management Project 070181 Page 1/4

Subject Waimanalo Gulch Date Nov. 13, 2009 By AT -
Checked Mov: 23 209 By L9f.
Approved ’ By

Western Surface Water Drainage Project

Hydraulic calculations
Flip-Bucket
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